Different types of muscle and nerve cells can be excited or stimulated by many types of stimuli, and have the ability to respond to these stimuli.
Structural classification of neurons
1-Pseudounipolar neurons, which are sensory have one process that splits like a T to form a pair of longer processes.
2-Bipolar neurons, found in the retina and cochlea and have 2 processes. 3-Multipolar neurons, which are motor and association neurons, have many dendrites and axon. They are the most common type.
Types of nerve fibers:
1-Myelinated nerve fibers, the axon is surrounded with myelin sheath and neurilemmal sheath. The myelin sheath is absent at the end of the axon and at gap 1 mm apart the axon at the Nodes of Ranvier.
2-Unmyelinated nerve fibers, the axon is only covered with neurilemmal sheath which has essential role in nerve regeneration. Under the neurilemma there are many cell nuclei which are called Schwann cells.
Resting membrane potential
A peculiar characteristic of all living cells is that there is always an electrical potential difference between the outer and the inner surfaces of its surrounding membrane. At rest, the outside of the membrane is positively charged relative to the inside. i.e. the membrane is in a polarized state.
If a microelectrode is inserted into a cell, another electrode is inserted into the interstitial fluid surrounding the cell and the 2 electrodes are connected to a voltmeter, the inside of the cell will show a negative deflection of about -70 mv with respect to the outside. This potential is called resting membrane potential (RMP) and its value depends on the type of the tissue.
RMP is about -70 mv in nerves and -90 mv in skeletal muscles. The resulting membrane potential is expressed as a negative potential because the inside of the membrane is negatively charged relative to the outside. i.e. -70 mv means that the potential inside the fiber is 70 mv more negative than the potential on the outside of the fiber.
Causes of RMP
RMP is caused by unequal distribution of electrically charged ions on both sides of the membrane with prevalence of cations at the outer surface and anions at the inner surface.
The chief ions on the outer surface of the membrane are Na The concentration of Na + on the outer surface of the membrane is 145 mEq/L which is about 12 times greater than that on the inner surface (12 mEq/L).
The concentration of K + on the inner surface is 150 mEq/L which is about 30 times greater than that on the outer surface (5 mEq/L).
The factors involved in production of RMP
1-Selective permeability across the cell membrane
Under resting condition, the permeability of the membrane to various ions is a matter of selection, it contains leak channels which allow certain ions to pass and severely prevent others. Every channel is specifically selective for the passage of one or more ions.
* The membrane is impermeable to proteins, sulphate and phosphate (non diffusible ions), which create -ve charges at the inner surface of the membrane. ATPase activity that catalyzes cleavage of ATP into ADP + Pi + Energy. The fact that more Na + are pumped to the outside than K + to the inside causes a continual loss of +ve charges from inside the membrane and this creates and maintain an additional degree of negativity on the inside.
Electrical activity in axons (action potential)
Nerve signals are transmitted by action potentials which are rapid changes in the membrane potential. Each action potential begins with a sudden change from the normal resting negative potential to a positive membrane potential and then ends with an equally rapid change back again to the negative potential. To conduct a nerve signal, action potential moves along the nerve fiber until it comes to end.
Action potential can be recorded by two microelectrodes, one electrode is placed on the outer surface of the membrane and the other is placed on its inner surface. The recording electrodes are connected to cathode ray oscilloscope and the following changes are shown:-1-Stimulus artifact indicates the time of application of the stimulus to the nerve fiber, followed by a latent period where there are no changes in the membrane potential occurring until the excitation wave reaches the recording electrode.
2-When the excitation wave reaches the recording electrode on the outer surface of the nerve, the membrane potential decreases and become less than 70 mv (less -ve).
This is known as depolarization.
3-The membrane potential drops from -70 mv to -50 mv. At this point, the rate of depolarization increases rapidly. So this point is called firing level.
5 4-Rapid complete depolarization of the membrane occurs. The potential difference between the outer and inner surface of the membrane is zero (isopotential).
5-Reversal of polarity or overshoot occurs. i.e. the potential is reversed and the outer side of the membrane becomes negatively charged in relation to the inner side, which is positively charged and the potential difference is +30 mv. The magnitude of action potential is 100 mv.
6-The membrane potential falls rapidly toward the resting level (repolarization) and the membrane resumes its resting potential gradually. The sharp rise and the rapid fall are the spike potential of the nerve.
7-After reaching the resting level, the membrane becomes slightly hyperpolarized,
i.e. the outside of the membrane become positive than the resting condition in relation to the inner side of the membrane. Then the membrane resumes its resting potential again.
The whole sequences of potential changes are called the action potential. The spike lasts 1-5 msec. and is conducted along the nerve fiber at about 5 meters/sec.
Ionic bases of action potential
During the resting state, before action potential begins, the conductance for K + ions is greater than that for Na + ions. However at the onset of action potential, the voltage gated Na + channels become activated and increase in Na + conductance. The closer the membrane potential to the firing level, the greater is the permeability of the membrane to Na + leading to depolarization of the membrane. After a small fraction of milliseconds, Na + channels are inactivated and rapidly closed. This prevents further entry of Na + ions. The development of +ve charges on the inside of the membrane during the reversal of the polarity limits the inflow of Na + ions. So, Na + influx coincide with the ascending limb of the spike.
Inactivation of Na + channels is accompanied with opening of voltage gated K + channels leading to more conductance of K + to the exterior with no Na + entry. So, action potential rapidly returns to the base line (-ve state) causing K + channels to close back to their original status. So, K + outflux coincide with the descending limb of the spike.
Once the action potential has been completed, the Na + and K + pumps will extrude the extra Na + that has entered the axon and recover the K + that has diffused out of the axon.
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Conduction of nerve impulses 1-Conduction in unmyelinated nerve fibers
When an effective stimulus is applied to a certain point on the surface of a nerve fiber.
The excited point developed increased permeability to Na + ions, leading to depolarization of this area of the membrane and the nerve impulses is conducted along the nerve fiber.
A local circuit of current flows between the depolarized areas of the membrane and the adjacent resting membrane areas. This process is repeated along the membrane and the action potential spreads in the form of local circuits causing more depolarization in both directions away from the stimulus, until the entire membrane has become depolarized.
Repolarization spreads in the direction of depolarization and starts first at the point of original stimulation. The velocity of conduction is 0.5-3 m/sec.
2-Conduction in myelinated nerve fibers
The myelin sheath is highly insulator to the passage of electric current and ions. The nodes of Ranvier have proved to be the most excitable regions of the nerve fiber due to the absence of the medullary sheath. They are the areas from which the impulses start when the medullated nerve is excited. The nodes of Ranvier are also the sites where the migration of ions necessary for the conduction of impulses takes place. The internodes are about 1 mm in length and may be regarded as areas of resistance or block to the passage of the impulse, which jumps the internode from one node to the next one. This type of conduction is called the saltatory conduction.
Value of salutatory conduction:-
1-It increases the velocity of conduction along the fiber by the process of jumping (3-120 m/sec.).
2-Depolarization is limited to the node and so leakage of Na + is minimum to the inside of the fiber. This saves energy required by Na + and K + pump to extrude Na + to the outside.
In summary, the speed of action potential is increased by:-1-Increased diameter of the axon, because this reduces the resistance to the spread of charges.
2-Myelination, because the myelin sheath results in saltatory conduction..
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The refractory periods
Once action potential is propagated by a nerve, it is accompanied with changes in excitability:-
1-The absolute refractory period
During this period the axon membrane is incapable of responding (refractory) to further stimulation. If a second stimulus is applied during most of the time that an action potential is being produced, the second stimulus will have no effect on the axon membrane and it cannot respond to any subsequent stimulus. The cause of refractory period is inactivation of the channels that cannot be opened by depolarization due to
(1) block of the channel by a molecular ball attached to a chain or (2) alteration of the channel through molecular rearrangements.
2-The relative refractory periods
If a second stimulus is applied while K + gates are open and the membrane is in the process of repolarization, the axon membrane can respond to a very strong stimulus and produce a second action potential.
Physiology of skeletal muscles
Muscles constitute 45 % to 50 % of the total body weight, contraction is the main function of the muscles, their contraction moves the body as a whole or only one limb.
The motor unit
Each muscle fiber receives a single axon terminal from somatic motor neuron. The motor neuron stimulates the muscle fiber to contract by liberating acetyl choline at the neuromuscular junction. The specialized region of the sarcolemma of the muscle fiber at the neuromuscular junction is known as a motor end plate. Each somatic motor neuron, together with all of the muscle fibers that it innervates, is known as a motor unit.
Structure of skeletal muscles
The fibrous connective tissue protein around the muscles is known as epimysium.
Connective tissue from this sheath extends into the body of muscle dividing it into columns or fascicles. Each fascicle is surrounded by perimysium. Each muscle fascicle is composed of many muscle fibers (myofibers) which is surrounded by a 8 plasma membrane (sarcolemma) enveloped by a thin connective tissue layer called endomysium.
Structure of skeletal muscle fiber
Skeletal muscle fibers are multinucleated and have striated appearance produced by alternating dark and light bands.
Each muscle fiber is composed of many subunits known as myofibrils which are embedded in the sarcoplasm, these fibrils give the fiber its longitudinal striations. It is the myofibril that is striated with dark A bands and light I bands.
Each myofibril contains filaments. The A bands contain thick filament and primary composed of the protein myosin. The I bands contain thin filament and primary composed of the protein actin. Since thick and thin filaments overlap at the edges of each A band, the edges of the A band are darker in appearance than the central region.
These central lighter regions of the A bands are called the H bands that contain only thick filaments.
In the center of each I band is a thin dark Z line. The arrangement of thick and thin filaments between a pair of Z lines forms a repeating pattern that serves as the basic subunit of striated muscle contraction. These subunits, from Z to Z, are called sarcomere.
Sliding filament theory of contraction
When a muscle contracts it decreases in length as a result of the shortening of its individual fibers. Shortening of the muscle fibers is produced by shortening of their myofibrils, which occurs as a result of the shortening of the distance from Z line to Z line. As the sarcomere shorten in length, the A bands do not shorten but instead move close together. The I bands decrease in length. Closer examination reveals that the thick and thin filaments remain the same length during muscle contraction. Shortening of the sarcomere is produced not by shortening of the filaments, but rather by the sliding of thin filaments over and between the thick filaments. In the process of contraction, the thin filaments on either side of each A band slide deeper and deeper toward the center, producing increasing amounts of overlap with the thick filaments.
The I band (containing only thin filament) and H band (containing only thick filaments) thus gets shorter during contraction.
Cross bridges
Sliding of the filaments is produced by the action of numerous cross bridges that extend out of the myosin toward the actin. These cross bridges are part of the myosin 9 proteins that extend from the axis of the thick filaments to form arms that terminate in globular heads. A myosin protein has two globular heads that serve as cross bridges.
The orientation of the myosin heads on one side of a sarcomere is opposite to that of the other side, so that when myosin heads form cross bridges by attaching to actin on each side of the sarcomere, they can pull the actin from each side toward the center.
Each myosin head of the cross bridge contains an ATP-binding site closely associated with an actin-binding site. The globular heads function as myosin ATPase enzyme, splitting ATP into ADP and Pi.
This reaction must occur before the myosin heads can bind to actin. When ATP is hydrolyzed to ADP and Pi, the myosin head cocks, putting it into position to bind to actin. Once the myosin head binds to actin, forming cross bridge, Pi is released. This result in conformational change in myosin, causing the cross bridge to produce a power stroke. This is the force that pulls the thin filaments toward the center of A band.
After the power stroke, with the myosin head now in its flexed position, the bound ADP is released as a new ATP molecule binds to myosin head. This release of ADP and binding to a new ATP is required in order for the myosin head to break its bond with the actin after the power stroke is completed. If this process were prevented, the myosin heads would remain bound to actin. The myosin head will then split ATP to ADP and Pi and a new cross bridge cycle will occur. This contraction cycles must be repeated many times to shorten the muscle.
Regulation of contraction
The regulation of cross bridge attachment to actin is a function of two proteins that are associated with actin in the thin filaments. These are tropomyosin and troponin that serve as a switch for muscle contraction and relaxation. In a relaxed muscle, the position of tropomyosin in the thin filaments is such that it physically blocks the cross bridges from bonding to specific attachment sites in the actin. Thus, in order for the myosin cross bridges to attach to actin, the tropomyosin must be moved. This requires the interaction of troponin and Ca++.
Role of Ca ++ in muscle contraction
When the muscle cell is stimulated to contract, the concentration of Ca ++ in the sarcoplasm rises. Some of this Ca ++ attaches to troponin causing conformational change that moves the troponin complex and its attached tropomyosin out of the way so that cross bridges can attach to actin. When Ca ++ is not attached to troponin, the tropomyosin is in a position that inhibits attachment of cross bridges to actin, preventing muscle contraction.
Most of Ca ++ in a relaxed muscle fiber is stored within expanded portions of sarcoplasmic reticulum known as terminal cisternae which are separated only by a very narrow gap from transverse tubules (T tubules). These are narrow tunnels formed from and continuous with the sarcolemma. The transverse tubules open to the extracellular environment and are able to conduct action potential.
Excitation-contraction coupling
1-Action potentials in a somatic motor neuron cause the release of acetylcholine from axon terminals at the neuromuscular junctions.
2-Acetylcholine, through its interaction with receptors in muscle cell membrane, produces action potentials that are regenerated across the plasma membrane 3-The membranes of the transverse tubules are continuous with the sarcolemma and conduct action potentials deep into the muscle fiber.
4-Action potential in the T tubules stimulates the release (passive diffusion) of Ca ++ from sarcoplasmic reticulum.
5-Ca ++ released into sarcoplasm binds to troponin causing a change in its structure.
6-The shape change in troponin causes its attached tropomyosin to shift positioning the actin filament, thus exposing the binding sites for the myosin cross bridges.
7-Myosin cross bridges, previously activated by hydrolysis of ATP, attach to actin.
8-Once the cross bridges attach to actin, they undergo a power stroke and pull the thin filaments over the thick filaments.
9-Attachment of fresh ATP allows cross bridges to detach from actin and repeat the contraction cycle as long as Ca ++ remains attached to troponin.
10-When action potentials stop, the sarcoplasmic reticulum actively accumulates Ca ++ and tropomyosin returns to its inhibitory position.
Muscle relaxation
It occurs by active transport pumps for Ca ++ termed Ca ++ -ATPase pumps, which move Ca ++ from the sarcoplasm into sarcoplasmic reticulum. This means that ATP is needed for muscle relaxation as well as for muscle contraction.
